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INTRODUCTION 

Because of the  d i f f i c u l t y  of making hydrocarbons r e a c t  d i r e c t l y  i n  low 
t e m p r a t u r e  fue l  c e l l  s y s t e m ,  the re  is considerable i n t e r e s t  in  hydrocarbon- 
reforming systems t h a t  produce hydrogen fo r  fue l  c e l l  power p l an t s .  
of the  technology f o r  the  steam-reforming of  hydrocarbons has been concerned with 
l a rge  p l an t s  fo r  which t h e  throughput of hydrogen has been measured i n  mi l l ions  of 
cubic f e e t  per hour r a t h e r  t han  i n  the  hundreds of cubic f e e t  per hour which a re  of 
more concern t o  t he  f u e l  c e l l  power system designer concerned with t h e  production of 
a few k i lowat t s  of e l e c t r i c a l  power. 
can be to l e ra t ed  i n  a hydrogen-production p lan t  intended fo r  t he  chemical industry 
are o f t en  qui te  unacceptable i n  a simple power u n i t  t h a t  must be operated by 
unski l led  personnel. 
opportunity t o  modify the  design of both the  hydrocarbon-reforming system and also 
the  f u e l  c e l l  i t s e l f  i n  o rder  t o  achieve a s a t i s f a c t o r y  compromise between cos t ,  
s imp l i c i ty  and r e l i a b i l i t y .  
circumstance w i l l  depend considerably on the  conditions under which t h e  power system 
i s  c a l l e d  upon t o  operate.  
the  designer w i l l  be considered and suggestions made regarding the  most fruitful 
approaches t o  c e r t a i n  of t h e  problems. 

However, most 

This means t h a t  complexities i n  p l an t  t h a t  

I n  cons t ruc t ing  a fue l  c e l l  power system one has the  

The p a r t i c u l a r  compromise a r r ived  a t  i n  any given 

I n  t h i s  paper some of t h e  var iab les  a t  t he  disposal of 

As f a r  as t he  hydrocarbon-reforming u n i t  is concerned, t he  most important 
f a c t o r s  fac ing  the  designer w e  t h e  degree of pu r i ty  of f u e l  t h a t  i s  acceptable t o  
the  reforming u n i t  and t h e  degree of pu r i ty  of hydrogen t h a t  i s  acceptable t o  the 
f u e l  c e l l .  Whereas most l o w  temperature fue l  c e l l s  made t o  date have used a lka l ine  
e l e c t r o l y t e s ,  those w i t h  a c i d  e l e c t r o l y t e s  have received a t t e n t i o n  recent ly ,  and t h i s  
t r end  obviously has a s t rong  influence on t h e  p u r i t y  of the  gas required by the  fue l  
c e l l .  
e a s i e r  t o  develop and they requi red  pure hydrogen. 
s i l v e r  d i f fuse r  capable of g iv ing  ultra-pure hydrogen from a source supplying impure 
hydrogen encouraged t h e  development of hydrogen generators s u i t e d  t o  t h e  l imi t a t ions  
of t he  a lka l ine  fie1 c e l l .  
of f u e l  c e l l s  with a c i d  e l e c t r o l y t e s  and a number of examples have been given i n  
recent  years of e lec t rodes  t h a t  w i l l  t o l e r a t e  various impur i t ies  i n  t h e  feed gas. 
Use of t h i s  type of e l ec t rode  i s  considered i n  t h i s  paper and t h e  generation of 
hydrogen i s  considered from both aspec ts ,  v i z .  that of producing an ultra-pure 
product and t h a t  of producing a less pure one for use w i t h  t h e  e lec t rodes  developed 
m r e  recent ly .  

encountered i n  t h e  design o f t h e  hydrocarbon-reforming system and t h e  second section 
w i l l  dea l  with e lec t rodes  f o r  use on impure hydrogen. 

I n i t i a l l y ,  l o w  temperature fue l  c e l l s  with a lka l ine  e l e c t r o l y t e s  were the 
The advent of t he  palladium/ 

However, it is now poss ib le  t o  contemplate t h e  operation 

The first sec t ion  of t h i s  paper rill be concerned wi th  some of t h e  problem 

I 

i 
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HYDROCARBON REFORMING SYSTEMS 

I n  obtaining hydrogen from hydrocarbons one has the  choice of using 8 
steam hydrocarbon-reforming reac t ion ,  

+ 2 H 0 + (3n + 1 ) H 2  + nC02 ‘nH2n + 2 n 2 

an oxida t ive  reac t ion  , 

.. ... ( 1  1 

. . . . . (2) 
which i s  highly exothermic and i s  followed by 

+ nH 0 j nCO + (2n + 1 ) H 2  ‘nH2n + 2 2 . . .. . ( 3 )  

+ nCO 2nCO + (n + 1 ) H 2  ‘nH2n + 2 2 

o r  a cracking r eac t ion ,  

+ C  + ( n  + 1 ) H 2  ‘nH2n + 2 n 

. . .. . (4)  

. . . .. (5) 
Generally speaking, a f u e l  c e l l  power system w i l l  be developed because of 

its a t t r a c t i v e l y  high e f f i c i ency  compared with t h a t  o f  t h e  a l t e r n a t i v e s .  Therefore 
it would seem des i r ab le  t o  make hydrogen generation as h ighly  e f f i c i e n t  as possible.  
Thus, while there  may be spec ia l  occasions when t h e  simple cracking reac t ion  i s  
a t t r a c t i v e ,  genera l ly  t h i s  w i l l  not be so because t h e  r e s u l t a n t  hydrogen contains 
only a small proportion of t h e  t o t a l  energy of t he  fue l  en ter ing  t h e  system. 
Although oxida t ive  r eac t ions ,  such as t h e  She l l  g a s i f i c a t i o n  processes fo r  heavy o i l ,  
can be used successfu l ly  on a l a rge  s c a l e ,  t h e i r  success r equ i r e s  t h e  a v a i l a b i l i t y  
of pure oxygen and f o r  t h i s  reason such processes a r e  not normally a t t r a c t i v e  for  
use i n  small power sources. 
with added steam, t o  give a gas which contains about LO% hydrogen. 
d i l u t e  fo r  appl ica t ion  i n  f u e l  c e l l  systems. 
ox ida t ive  process i s  t h a t ,  s ince  it involves combustion, p a r t i c l e s  o f  elementary 
carbon are  produced which a r e  almst impossible t o  e l imina te  from t h e  system without 
extensive treatment.  
hgs t roms  i n  diameter, and axe extremely d i f f i c u l t  t o  f i l t e r  from t h e  gas stream. 
Fine carbon p a r t i c l e s  would be expected t o  g ive  t roub le  over long periods as they 
would accummulate a t  poin ts  where the  gas flow i s  subjec ted  t o  a sharp change i n  
d i r ec t ion  such as one can expect t o  f ind  i n  t h e  passages t h a t  occur i n  f u e l  
b a t t e r i e s .  On t h e  o the r  hand, t h e  steam-reforming reac t ion  can give hydrogen 
concentrations of t h e  order  of 70% on a dry b a s i s ,  t h e  gas being f r e e  from 
p a r t i c u l a t e  contamination. If a hydrocarbon which is l o w  i n  sulphur content is 
ava i l ab le  and acceptable t o  t h e  user, then  t h i s  process is extremely a t t r a c t i v e .  
I n  normal commercial p rac t i ce ,  when customers wish t o  purchase a fue l  f o r  the  
generation of hydrogen by t h e  steam-reforming process,  f u e l  of extremely low sulphur 
content i s  usua l ly  spec i f i ed  s ince  its use s i m p l i f i e s  t h e  overall process. 
Correspondingly, it seems reasonable t o  adopt t h i s  p r a c t i c e  f o r  small f u e l  c e l l s  
where t h e  smal l  s c a l e  of t h e  system re in fo rces  t h e  need f o r  s impl i c i ty .  

It i s  poss ib le  t o  operate t h i s  type of reac t ion  on air 
This is r a the r  

However, a major disadvantage of  t h e  

Such p a r t i c l e s  vary i n  s i z e  from severa l  microns down t o  a feu 

It is usef‘ul, i n  t h e  first ins tance ,  t o  cons ider  t h e  e q u i l i b r i a  involved 
i n  t h e  generation of hydrogen-rich gases f r o m  t h e  hydrocarbon, via t h e  straight- 
forward steam reforming r eac t ion ,  
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+ nH 0 * (2n + 1 ) H 2  + nCO CnH2n + 2 2 

followed by t h e  water gas r e a c t i o n  

H20 + CO C02 + H2 

and t h e  methanation r e a c t i o n  

CO + 2H2 CHb + H20 

With t h e  a v a i l a b i l i t y  o f  computer programs t h e  overa l l  e f f e c t  of these 

The r a t i o  chosen of 
e q u i l i b r i a  i n  given circumstances can r e a d i l y  be calculated.  I n  Table 1 a re  given 
t y p i c a l  e q u i l i b r i a  f o r  a mixture of  a hydrocarbon and water. 
t h r e e  molecules o f  water t o  each molecule of  carbon i n  t h e  feed stock can with 
rnodern ca ta lys t s  give r e l i a b l e  operat ion on a var ie ty  o f  hydrocarbons up t o  and 
including kerosines with a s i g n i f i c a n t  aromatic content.  Covered by Table 1 are 
t h e  e f f e c t s  of pressure and of t h e  removal of water from t h e  feed a f t e r  it has been 
through t h e  cn tn lys t  s t q e .  
5 2 7 O C  znd 827OC.  

Results are given f o r  two operat ing temperatures, 

Inspection of  t h e s e  columns immediately ind ica tes  t h e  embarrassment of 
choices facing designers. The lower operat ing temperature is  a t t r a c t i v e  because 
it l i r i t z  t.he p o s s i b i l i t y  of carbon deposi t ion on the  c a t a l y s t  and t h e  consequent 
ri.duc::,.:sn c:' cztciljrst l i f e .  Addit ional ly  t h e  e f f ic iency  of  t h e  system i s  l i k e l y  

F ina l ly ,  i f  operation 
under ;7ressure i s  contemplated, then the  s e l e c t i o n  of a l l o y s  s u i t a b l e  f o r  use under 

A lower operat ing temper- 

'r .:ince less h e a t  exchange w i l l  be necessary. 

500°C is much easier than  f o r  use a t  750°C. 
s t h e  p o s s i b i l i t y  of  a more rap id  s ta r t -up  of  t h e  power system, and t h i s  

l v e r  d i f f u s e r ,  operat ion under gressure is necessary i n  order  t o  limit t h e  

f methane is generated,  at 75OoC t h e  gas has  a high carbon monoxide 

( 

o f  imcortaqce. I f  one vishes  t o  pur i fy  t h e  hydrogen by means of  a 

user required.  Whereas a t  500 C and 20 atmospheres a considerable 1 

conte::t. ::owever, t h i s  carbon monoxide content can b e  reduced by t h e  i n j e c t i o n  of 
f ~ r t h e r  wn-ler and use o f  a low temperature s h i f t  c a t a l y s t ;  under s u i t a b l e  conditions 

11 reduce t h e  carbon rnonoxide content . t o  a f e w  t e n t h s  of  a percent and increase 
rosen concentration accordingly. Without the  addi t iona l  in jec t ion  of water 

This means . t h a t  e i t h e r  one must use a large 
f o r  t h i s  pr;.ose, t h e  hydrogen content o f  t h e  gas from t h e  reformer before water has 
been "1knoc:red-out" i s  only about 42%. 
n:'ez of d i l ' f u e r  t o  obtain a s a t i s f a c t o r y  y i e l d  of  hydrogen, and t h i s  brings with it 

n e l e  t o  renove water from t h e  system. 
t o  t h e  point  a t  which condensation occurs ( a t  20 atmospheres t h i s  is about 18OoC) 
and then rehea t ingothe  gas t o  35OoC, B temperature s u i t a b l e  f o r  operation of  t h e  
palladii im/silvcr d i f f u s e r .  
authors  a re  awere, namely that  developed by Engelhardt Indus t r ies  f o r  t h e  U.S. Army 
S i p d  Corps and t h a t  developed by t h e  P r a t t  and Whitney Company f o r  t h e  U.S. Army 
Electronics  Command, water knock-out does not appear t o  have been used and t h e  
disadvantages of a l a r g e  area o f  d i f f u s e r  appear t o  have been accepted. Because 
o f  t h e  cos t  and complexity of high pressure operat ion it is c l e a r  t h a t  operation a t  
low pressure is preferab le  i n  t h e  i n t e r e s t s  of s i m p l i c i t y  and t h e  l o w  c o s t  of  t h e  
reformer u n i t ,  

.. ;~o 's lens  .,. of weight, volume and expense, o r ,  a l t e r n a t i v e l y ,  some arrangement must be 
This l a t t e r  involves reducing t h e  temperature 

I n  the two systems so f a r  developed of which t h e  1 

' 

I f  an impure gas i s  fed t o  t h e  fue l  c e l l  t h e r e  are c e r t a i n  a t t r a c t i o n s  i n  
passing all t h e  gas through t o  t h e  fue l  c e l l  and then burning t h e  e f f l u e n t  f r o m  t h e  
fue l  Cell  t o  supply process heat .  
ensure t h a t  t h e  e f f l u e n t  f r o m  t h e  f u e l  c e l l  i s  a combustible gas. When t h e  course 
of  Using an impure gas i s  adopted, then t h e  advantages of operat ing at t h e  lower 

/ 
I n  t h i s  case  it is, of  course,  e s s e n t i a l  t o  
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feed temperature of 500°C f o r  t h e  steam-reforming c a t a l y s t  become evident. 
for operat ion a t  75OoC it is of ten  necessary t o  spec i fy  a f u e l  which is not f a r  
RmOVed from a mixture o f  s t r a i g h t  hydrocarbons, f u e l s  containing up t o  a t  l e a s t  
1 5 % ~  of aromatic compound are acceptable  with s u i t a b l e  reforming c a t a l y s t s  operat ing 
at 5OO0C o r  below. 

Whereas 

Since nickel-containing c a t a l y s t s  are normally used f o r  steam-reforming 
o f  hydrocarbons azzd these  c a t a l y s t s  are s e n s i t i v e  t o  sulphur ,  t h e  sulphur-content o f  
t h e  f u e l  has  a dominant role i n  performance. 
"kerosine breakthrough" f o r  a t y p i c a l  steam-reforming c a t a l y s t  when f u e l s  o f  similar 
composition but  varying sulphur content were used. 
blending a f u e l  of low sulphur content w i t h  one o f  high sulphur content ,  so t h a t  t h e  
sulphur  compounds a r e  representa t ive  of those l i k e l y  t o  be encountered i n  p r a c t i c a l  
f u e l s .  Whereas w i t h  a fue l  sulphur  content  of 20 p a r t s  per  mil l ion t h e  l i f e  of a 
c a t a l y s t  w a s  i n  excess of 1200 hours, a t  1500 p a r t s  per  mi l l ion  sulphur l i f e  had 
f a l l e n  t o  a mere e i g h t  hours. While it is poss ib le  t o  use a d d i t i o n a l  c a t a l y s t  as 
a "sulphur guard'' t h i s  is a very expensive way o f  desulphurizing f u e l  and 
normally one would p r e f e r  t o  spec i fy  a fue l  of l o w  sulphur content  t o  s implify the 
operat ion of  t h e  f u e l  c e l l .  
of t h e  f ie1 c e l l .  

I n  Figure 1 i s  shown t h e  t i m e  t o  

These were i n  f a c t  made by 

This seems a s m a l l  p r ice  t o  pay f o r  t h e  high e f f ic iency  

ELECTRODES FOR USE W I T H  IMPURE HYDROGEN 
> 

Whereas operat ion qn pure hydrogen i s  a r e l a t i v e l y  s t ra ight forward  matter 
and e lec t rodes  are ava i lab le  t h a t  opera te  s a t i s f a c t o r i l y  for thousands o f  hours, t h e  
s i t u a t i o n  is more complicated when one wishes t o  operate  on gas taken d i r e c t l y  from 
t he  reformer. Even i f  t h e  carbon monoxide is reduced t o  a very lou concentration 
by a s u i t a b l e  c a t a l y s t  f o r  t h e  methanation reac t ion  ( 3 )  as w a s  done by Meek & Baker' 
problems can s t i l l  arise from t h e  presence of  carbon dioxide. 
shown results i n d i c a t i n g  t h a t  a t  25OC slow poisoning o f  a platinum e lec t rode  occurs 
w i t h  t h e  F ix ture  o f  8 0 % ~  hydrogen/2Q%v carbon dioxide. 
t h e  "reduced carbon dioxide" mechanism o f  Giner2. However, t h i s  can be overcome 
by t h e  use of a l l o y  c a t a l y s t s ,  a s  is a l s o  shown i n  Figure 2 by t h e  example of the  

If on t h e  o ther  hand t h e  feed contains  appreciable 
a..ounts o f  carbon dioxide toge ther  with carbon monoxide, then extremely rap id  
poisoning of  F l a t i n m  occurs and it becomes e s s e n t i a l  t o  use an a l l o y  c a t a l y s t .  
It i s  a l s o  advantageous t o  operate  a t  as high an e l e c t r o l y t e  temperature as possible .  
me e f f e c t  o f  gas composition i n  terms o f  hydrogen and carbon monoxide contents  is 
shown i n  Figure 3 and it w i l l  be  noted t h a t  t h e r e  are marked advantages i n  operat ing 
with es iov a carbon monoxide content  as possible .  I f  it i s  borne i n  mind t h a t  it 
is t h e  e f f l u e n t  from t h e  last  fue l  c e l l  of a b a t t e r y  t h a t  w i l l  determine t h e  operat ing 
condi t ions of t h e  b a t t e r y  i tself  there would seem t o  be a s t rong  argument i n  favour 
of reducing t h e  carbon monoxide content  as much as poss ib le  by use  of a s u i t a b l e  

be obtained from a s h i f t  c a t a l y s t  without any f u r t h e r  addi t ion  o f  steam t o  t h e  feed. 
If one were aiming a t  a reformer e f f i c i e n c y  of about 60% then t h e  e f f l u e n t  f r o m  t h e  
fue l  c e l l  would contain about 40% of t h e  t o t a l  input  hea t  necessary for use as 
process hea t .  This would imply t h a t  i f  t h e  i n l e t  hydrocarbon contained about 

, 0.6% carbon monoxide t h e  o u t l e t  from t h e  c e l l  would contain 1.4% carbon monoxide and 
t h e  e lec t rode  c h a r a c t e r i s t i c s  would be b e t t e r  than those shown for 2% carbon monoxide 
i n  t h e  diagram. 
optimum t h a t  can be achieved b u t  are representa t ive  of t h e  advantages of using d l o y  
c a t a l y s t s  i n  these circumstances t o  obta in  a higher  performance. The c a t a l y s t  

',loading could be increased by a f a c t o r  of t h r e e ,  from t h e  twelve milligrams p e r  
square centimeter used t o  36 mill igrams per square cent imeter ,  but whether t h e  
increase  i n  performance obtained would b e  worthwhile would depend upon indiv idua l  
circumstances. 
mnoxide fed t o  an e l e c t r o d e  w i t h  a simple platinum catalyst causes a steady drift 

t ' 
' 
) 

, platinum/ruthenium c a t a l y s t .  

I n  Figure 2 are 

This presumably occurs by 

1 
\ s h i f t  c a t d y s t .  I n  Table 2 are examples that  illustrate the advantage which can ' 

1 

It should b e  emphasized that  t h e s e  c h a r a c t e r i s t i c s  are not  t h e  

. 

It mey be noted i n  passing that whereas hydrogen containing carbon 

, 
1 
\ 
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i n  po ten t i a l  towards t h a t  o f  t h e  oxygen e lec t rode ,  a completely steady output is  
obtained with a l loy  c a t a l y s t s .  This d i f fe rence  would appear t o  e x i s t  as d i r e c t  
oxidation of carbon monoxide takes place on the  a l l o y  c a t a l y s t  electrode leaving 
vacant s i t e s  fo r  t h e  f u r t h e r  oxidation of hydrogen. An a l t e r n a t i v e  i s  t o  use  a 
pure platinum ca ta lys t  and operate a t  150% where oxidation of carbon monoxide on 
t h e  platinum occurs a t  a s a t i s f a c t o r y  r a t e .  
temperature involves t h e  use of  a phosphoric ac id  e l e c t r o l y t e  giving higher in te rna l  
r e s i s t ance ,  slower s t a r t i n g  of the  c e l l  and addi t iona l  corrosion problems. 

However, operation a t  t h i s  higher 

SUMMARY AND CONCLUSIONS 

Since low temperature f u e l  c e l l  power systems that  u t i l i z e  hydrocarbon 
f u e l s  a re  l i k e l y  t o  be expensive, most appl ica t ions  f o r  which they are chosen w i l l  
demand long unattended periods of operation because it is  only under these  conditions 
t h a t  fue l  c e l l s  a re  l i k e l y  t o  show t o  economic advantage. 
necessary r e l i a b i l i t y  f o r  t h i s  type of operation, it is e s s e n t i a l  t o  keep t h e  number 
of  moving pa r t s  i n  the  system t o  a minimum and t o  use e lec t rodes  with as long a l i f e  
as possible.  All t he  evidence suggests t h a t  t h e  lower t h e  operating temperature of 
e l ec t rodes ,  t he  longer the  l i f e .  For example, "Shell" Research e lec t rodes  have 
operated unchanged a t  3OoC for  periods of 15,000 hours on hydrogen and oxygen, and 
t h i s  f igure  r e l a t e s  t o  a 17-cel l  ba t t e ry  and so is  not a freak performance o f  an 
ind iv idua l  electrode. On the  o the r  hand, i f  one goes t o  temperatures of 15OoC or 
more, then electrode l i f e  can be something of a problem. As has been shown, 
operation a t  pressure involves complications i n  addition t o  t h e  expense of t h e  
d i f fuse r  required fo r  t h e  production of ultra-pure hydrogen and therefore  t h e  impure 
hydrogen system has much to  commend its use. 
s ec t ion  of t h i s  paper suggest t h a t  it is  well  worthwhile t o  use an a l loy  c a t a l y s t  
on the  e lec t rode ,  and t o  " s h i f t "  t h e  carbon monoxide content t o  as low a l e v e l  as 
convenient. 
and the  cos t  of t he  e l ec t rode  system. 

In  order t o  achieve the 

,/ 

P The d a t a  presented in  the  preceeding 

To some exten t  t h i s  w i l l  be determined by t h e  power l eve l  required 

i 
Bearing i n  mind t h e  necess i ty  t o  operate e f f i c i e n t l y  under part-load 

conditions when los ses  i n  t h e  b a t t e r y  w i l l  be a t  a minimum it w i l l  probably be 
des i r ab le  f o r  the  b a t t e r y  t o  be f a i r l y  compact i n  order  t o  minimize heat loss and 
maintain a reasonably high equilibrium temperature. Consequently the  naxrow 
passages o f  the  c e l l  a r e  l i k e l y  t o  requi re  a pump o r  blower t o  move a i r  through the  
ba t t e ry .  From t h e  poin t  of view of s i l ence  and r e l i a b i l i t y  t h e r e  is much t o  
commend t h e  use o f  a c e n t r i f u g a l  blower and, f o r  t h e  small quan t i t i e s  o f  air l i k e l y  

which w i l l  operate a t  a minimum pressure a r e  strong. 

I 

t o  be involved with most power systems, t h e  arguments i n  favour of  t he  electrodes ,/ 

G 
With t h e  e l ec t rodes  and reforming c a t a l y s t s  now avai lab le  the re  seems t o  

As  w i l l  have become c l e a r  from t h e  previous sec t ion  o f t h e  paper t h e  
be no problem i n  assembling r e l i a b l e  fuel c e l l  power generators t o  use impure 
hydrogen. 
authors are s t rongly  i n  favour of using fue l s  of minimum sulphur content. As i n  
work with low temperature f u e l  c e l l s ,  t h e  outstanding problem i s  of course t h e  Cost 
and a v a i l a b i l i t y  of platinum c a t a l y s t s  and it w i l l  be most i n t e r e s t i n g  t o  see  how 
successfu l ly  they can be e l imina ted  or a t  least reduced i n  quant i ty  i n  p rac t i ca l  
power systems. 

/ 

A subs t an t i a l  amount of t he  work discussed i n  t h i s  paper has been car r ied  
ou t  under Ministry o f  Defence cont rac ts  and acknowledgement is accordingly made for 
permission t o  publ i sh  the  information so obtained. 
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Table 1 

Steam-hydrocarbon reac t ion  e q u i l i b r i a  

Feed composition, %v 

1 atmosphere 

32.1 

I 

20 atmospheres I 1 a tmsphere  1 20 a tmspheres  

527 '~  827OC 527OC e . 2 ~ ~ ~  527Oc 827OC 

12.1 * 42.4 59.8 70.5 31.1 66.8 

0.4 9.9 4.3 17.7 1.0 15.6 

9.4 8.4 21.7 11.8 24.2 13.2 

17.0 2.8 14.2 0.015 43.7 4.4 

61.1 36.5 - - - - 

Table 2 

Effect  of s h i f t  c a t a l y s t  on gas composition 
from reformed kerosine 

Feed CnH2n + 2 + 3nH20 

Composition, $v, y e t  basis 

From reformer After s h i f t  
a t  527OC at 2 8 %  

~ 

34.7 

8.2 

12.6 

2 i 5  . 

. (I  42.0 

37 02 

8.2 

14.92 

. o.,i8 

39.68 
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FIG I-Effect of sulphur content of kerosine on time token for kerosine 
carry-over to be observed when steom-reforming over cotolyst x 

FIG 2-Effect of corbon dioxide on electrode performonce 175mA/sq.cm, 25T 
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FIG 3 -Effect of carbon nmnmide on alloy hydrogen electrode performonce 
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